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(54) Lithographic apparatus with a balanced positioning system 



(57) A balanced positioning apparatus comprises a 
balance mass which is supported so as to be moveable 
in the three degrees of freedom, such as X and Y trans- 
lations and rotation about the Z-axis. Drive forces in 
these degrees of freedom act directly between the po- 
sitioning body and the balance mass. Reaction forces 
arising from positioning movements result in corre- 



sponding movement of the balance mass and all reac- 
tion forces are kept within the balanced positioning sys- 
tem. The balance mass may be a rectangular balance 
frame having the stators of two linear motors forming 
the uprights of an H-drive mounted on opposite sides. 
The cross-piece of the H-drive spans the frame and the 
positioned object is positioned within the central open- 
ing of the frame. 
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Description 

[0001] The present invention relates to balanced positioning systems, such as may be used to position a moveable 
object in at least three degrees of freedom. More particularly, the invention relates to the use of such a balanced 
5 positioning system in lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection beam according to a desired 
pattern; 

10 a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the substrate. 

[0002] The term "patterning means" should be broadly interpreted as referring to means that can be used to endow 
an incoming radiation beam with a patterned cross-section, corresponding to a pattern that is to be created in a target 
is portion of the substrate; the term "light valve" has also been used in this context. Generally, the said pattern will cor- 
respond to a particular functional layer in a device being created in the target portion, such as an integrated circuit or 
other device (see below). Examples of such patterning means include: 

- A mask held by said first object table. The concept of a mask is well known in lithography, and its includes mask 
20 types such as binary, alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask types. 

Placement of such a mask in the projection beam causes selective transmission (in the case of a transmissive 
mask) or reflection (in the case of a reflective mask) of the radiation impinging on the mask, according to the pattern 
on the mask. The f irst object table ensures that themask can be held at a desired position in the incoming projection 
beam, and that it can be moved relative to the beam if so desired. 

25 - a programmable mirror array held by a structure, which is referred to as first object table. An example of such a 
device is a matrix-addressable surface having a viscoelastic control layer and a reflective surface. The basic prin- 
ciple behind such an apparatus is that (for example) addressed areas of the reflective surface reflect incident light 
as diffracted light, whereas unaddressed areas reflect incident light as undiffracted light. Using an appropriate 
filter, the said undiffracted light can be filtered out of the reflected beam, leaving only the diffracted light behind; in 

30 this manner, the beam becomes patterned according to the addressing pattern of the matrix-addressable surface. 

The required matrix addressing can be performed using suitable electronic means. More information on such mirror 
arrays can be gleaned, for example, from United States Patents US 5,296,891 and US 5,523,193, which are in- 
corporated herein by reference. 

- A programmable LCD array, held by a structure which is referred to as first object table. An example of such a 
35 construction is given in United States Patent US 5,229,872, which is incorporated herein by reference. 

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct itself to examples involving 
a mask; however, the general principles discussed in such instances should be seen in the broader context of the 
patterning means as hereabove set forth. 

40 [0003] For the sake of simplicity, the projection system may hereinafter be referred to as the "lens"; however, this 
term should be broadly interpreted as encompassing various types of projection system, including refractive optics, 
reflective optics, and catadioptric systems, for example. The illumination system may also include components oper- 
ating according to any of these design types for directing, shaping or controlling the projection beam of radiation, and 
such components may also be referred to below, collectively or singularly, as a "lens". In addition, the first and second 

45 object table may be referred to as the "mask table" and the 'substrate table", respectively. 

[0004] Lithographic projection apparatus can be used, for example, in the manufacture of integrated circuits (ICs). 
In such a case, the patterning means may generate a circuit pattern corresponding to an individual layer of the IC : and 
this pattern can be imaged onto a target portion (comprising one or more dies) on a substrate (silicon wafer) that has 
been coated with a layer of radiationsensitive material (resist). In general, a single wafer will contain a whole network 

so of adjacent target portions that are successively irradiated via the projection system, one at a time. In current apparatus, 
employing patterning by a mask on a mask table, a distinction can be made between two different types of machine. 
In one type of lithographic projection apparatus, each target portion is irradiated by exposing the entire mask pattern 
onto the target portion in one go; such an apparatus is commonly referred to as a wafer stepper. In an alternative 
apparatus —commonly r ferred to as a step-and-scan apparatus - each target portion is irradiated by progressively 

55 scanning the mask patt rn under the proj ction beam in a given r ference dir ction (the "scanning" direction) while 
synchronously scanning th substrate table parallel or anti-parallel to this direction; since, in gen ral, th projection 
system will have a magnification factor M (generally < 1), the speed V at which the substrate table is scanned will be 
a factor M times that at which the mask table is scanned. More information with regard to lithographic devices as here 
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described can be glean d, for example, from US 6 : 046,792, incorporated herein by reference. 
[0005] In general, apparatus of this type contained a single first object (mask) table and a single second object 
(substrate) table. However machines are becoming available in which there are at least two independently movable 
substrate tables; see, for example, the multi-stage apparatus described in US 5,969,441 and US Serial No. 09/180,011 , 
filed 27 February, 1998 (WO 98/40791), incorporated herein by reference. The basic operating principle behind such 
a multi-stage apparatuses that, while a first substrate table is underneath the projection system so as to allow exposure 
of a first substrate located on that table, a second substrate table can run to a loading position, discharge an exposed 
substrate, pick up a new substrate, perform some initial metrology steps on the new substrate, and then stand by to 
transfer this new substrate to the exposure position underneath the projection system as soon as exposure of the first 
substrate is completed, whence the cycle repeats itself; in this manner, it is possible to achieve a substantially increased 
machine throughout, which in turn improves the cost of ownership of the machine. 

[0006] In a known lithographic apparatus, the drive unit of the positioning device for the substrate table comprises 
two linear Y-motors each of which comprises a stator extending parallel to the Y-direction and secured to a base of the 
positioning device, and a translator (Y-slider) movable along the stator. The base is secured to the frame of the litho- 
graphic device. The drive unit further comprises a linear X-motor that comprises a stator extending parallel to the X- 
direction and a translator (X-slider) which can be moved along the stator. The stator of the X-motor is mounted on an 
X-beam that is secured, near Its respective ends, to the translators (Y-sliders) of the linear Y-motors. The arrangement 
is therefore H-shaped, with the two Y-motors forming the uprights and the X-motor forming the cross-piece, and this 
arrangement is often referred to as an H-drive. 

[0007] The driven object, in this case the substrate table, can be provided with a so-called air foot. The air foot 
comprises a gas bearing by means of which the substrate table is guided so as to be movable over a guide surface of 
the base extending at right angles to the Z-di recti on. 

[0008] In a lithographic apparatus, reactions on the machine frame to acceleration forces used to position the mask 
(reticle) and substrate (wafer) to nanometer accuracies arc a major cause of vibration, impairing the accuracy of the 
apparatus. To minimize the effects of vibrations it is possible to provide an isolated metrology frame, on which all 
position sensing devices are mounted, and to channel all reaction forces to a so-called force or reaction frame that is 
separated from the remainder of the apparatus. 

[0009] In an alternative arrangement, the reaction to the driving force is channeled to a balance mass, which is 
normally heavier than the driven mass which is free to move relative to the remainder of the apparatus. The reaction 
force is spent in accelerating the balance mass and does not significantly affect the remainder of the apparatus. Balance 
masses moveable in three degrees of freedom in a plane are described in WO 98/40791 and WO 98/28665 (mentioned 
above), as well as US 5,815,246. 

[001 0] EP-A-0,557, 1 00 describes a system which relies on actively driving two masses in opposite directions so that 
the reaction forces are equal and opposite and so cancel out. The system described operates in two dimensions but 
the active positioning of the balance mass necessitates a second positioning system of equal quality and capability to 
that driving the primary object. 

[0011] An object of the present invention is to provide a balancing system that is readily extendable to multiple 
degrees of freedom and is usable with various different drive mechanisms. 

[0012] According to the present invention there is provided a lithographic projection apparatus comprising: 
an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection beam according to a desired 
pattern: 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the substrate; and 

a balanced positioning system capable of positioning at least one of said object tables in more than three degrees 

of freedom, the positioning system comprising: 

at least one balance mass; 

bearing means for movably supporting said balance mass; 

coarse positioning means for positioning said object table in first to third degrees of freedom, said three degrees 
of freedom being translation in first and second directions and rotation about a third direction, said first, second 
and third directions being substantially mutually orthogonal; and 

fine positioning means for positioning said object table in at least a fourth degree of freedom substantially 
orthogonal to said first, second and third degrees of fr edom, said coars and fine positioning m ans being 
arranged so that reaction forces from said coarse and fine positioning means are chann I d to said balance 
mass; characterized in that: 
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said balance mass is supported by said bearing means so as to be substantially free to move in at least said 
fourth degree of freedom. 

f0013] The long stroke (coarse) positioning system of a lithography apparatus is normally arranged to position the 
aooaritus in X Y and R2 degrees of freedom whilst a short stroke (fine) positioning system proves h.gher-precis.on 
postttolg over all 6 degrees of freedom (i.e. X, Y, Z, Rz. Ry, and Rx). The positioning movements of the short stroke 
positioning system can be a source of undesirable vibrations in the apparatus. These movements are often of much 
higherSency than movements of the .ong stroke positioning system and can involve h,gh a~e.erat,ons so that he 
faction forces are large, even though the moving mass is smaller. By arrangmg for the reart.cn forces of the f.ne 
poSning means to be channeled to the balance mass, which is free to move in at least one addmonal degree of 
freSom Sir^ctlyorvia the coarse positionin 9 means,thepresentinventionensuresthatallreact.onforcesareconf.ned 
to the balanced positioning system and vibrations in the remainder of the apparatus are rn.mm.zed. 
[OOl^ The balance mass may be a single body moveable in at least four degrees of freedom or may be made up 
of several parts separately moveable in one or more degrees of freedom. For example, .n an embod.ment of the 
invention a first part of the balance mass is a frame moveable in the first to third degrees of freedom (eg^X, Y and 
r") anrsurrounSng the object table whilst a second part of the balance mass is deposed underneath the object table 
and is moveable in at least the fourth degree of freedom (e.g. Z). 

fool 5] According to a further aspect of the present invention there is provided a llthograph.c projection apparatus 
comprising: 

an illumination system for supplying a projection beam of radiation; . . . 

a first object table for holding patterning means capable of patterning the projection beam accordmg to a desired 

pattern; 

a second object table for holding a substrate; and 
25 a projection system for imaging the patterned beam onto a target portion of the substrate; and 

a balanced positioning system capable of positioning at least on of said object tables m at least three degrees of 
freedom, the positioning system comprising: 

at least one balance mass; 

bearing means for supporting said balance mass so as to be substantially free to move in said three degrees 

drMng d mTan S n tor acting directly between said object table and said balance mass to position said object table 
in said three degrees of freedom; characterized in that: 

said balance mass comprises a generally rectangular frame having its sides generally parallel to sa.d 
first and second directions, and a central opening in which said object table is at least partly deposed. 

[00161 With the balance mass in the form of a rectangular frame, the drives forming the uprights of a f -caHedH- 
drive arrangement can easily be integrated into the sides of the frame ensuring that the reaction forces al act ^.rectly 
between balance mass and driven object table. Also, because the driven object table srts wrth.n the central open.ng 
of the balance frame the distance in the Z-direction between the centers of gravity of the balance frame and the dnven 

looi tT Toreduce the excursions of the balance mass, and hence the overall footprint of the apparatus, it is preferred 
that the balance mass is considerably more massive, preferably at least five times, than the positioned object In this 
regard, all masses that move with the balance mass are considered part of it and all masses that move wrth the pos.- 
45 ttoned object are considered part of that. . 

r001 81 It should be noted that in embodiments of the invention according to either of the aspects described above, 
multiple object (mask or substrate) tables may be provided and the reaction forces to the drive forces of two or more 
tables may be directed to a common balance mass or masses. 

[001 9] According to yet a further aspect of the present invention there is provided a lithograph.c project.on apparatus 
so comprising: 

an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the project.on beam accordmg to a des.red 
pattern; 

55 a second object table for holding a substrat ; and 

a projection system for imaging the patterned beam onto a target portion of the substrat ; and 

a balanced p sitioning system capable of positioning at least n of said object tables in at least two degrees of 

freedom, the positioning system comprising: 
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at least one balance mass; 

bearing means for movably supporting said balance mass; 

positioning means for positioning said object table in at least first and second degrees of freedom, said first 
to second degrees of freedom being translations in first and second directions that are substantially orthogonal, 
said positioning means comprising coarse and fine positioning means and being arranged so that reaction 
forces from said positioning means are channeled to said balance mass; characterized in that: 

said coarse positioning means comprises a planar electric motor having a translator mounted to said 
object table and a stator extending parallel to said first and second directions and mounted to said balance 
mass. 
10 

[0020] The forces exerted by the planar motor will be channeled directly to the balance mass in the first and the 
second direction as opposed to an H-drive arrangement. In an H-drive arrangement forces may be channeled indirectly 
to the balance mass, since the object table is driven by an X-slider over an X-beam in the X-direction and the X-beam 
and object table are driven in the Y-direction by two Y-direction linear motors with corresponding sliders mounted to 

15 both ends of the X-beam. Only the beams of the Y-linear motors are mounted to the balance mass. Forces exerted in 
the X-direction by the X-motor will be channeled indirectly via the X-beam and the Y-direction linear motors to the 
balance mass. When a planar motor is used reaction forces in both the X-direction and the Y-direction are directly 
channeled to the balance mass. Further, with the stator (e.g. a magnet array) mounted to the balance mass, the mass 
of the balance mass is desirably increased to reduce its movement range. 

20 [0021] in a vacuum environment it may be advantageous to use the planar motor also to levitate the object tabl 
because it will be difficult to use a gas bearing to levitate the object table in a vacuum environment. The planar motor 
may also be used to rotate the object table around a third direction being mutually orthogonal to said first and second 
direction. 

[0022] The magnate levitation of the planar motor provides for a frictionless bearing allowing the balance mass to, 
25 freely move in first and second directions and rotate around the third direction. The balance mass may also be movable 
in the third direction and/or rotatable around one or both of the first and second directions such that it provides balancing 
in more than three degrees of freedom. For this purpose the balance mass may be supported by supports having a 
low stiffness in the third direction. The balance mass may be provided with upstanding walls to raise the center of 
gravity of the balance mass to the same level in the third direction as the center of gravity of the object table. 
30 [0023] According to a further aspect of the invention there is provided a method of manufacturing a device using a 
lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection beam according to a desired 
35 pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the substrate; the method comprising 
the steps of: 

40 providing a substrate provided w|th a radiation-sensitive layer to said second object table; 

using patterning means to endow the projection beam with a pattern in its cross -sect ion; 
projecting the patterned beam of radiation onto target portions of said substrate; 

wherein during or prior to said projecting step at least one of said object tables is moved in first to third degrees 
of freedom by coarse positioning means and in at least a fourth degree of freedom by fine positioning means 
45 and, during such movement, reaction forces in said first to third degrees of freedom are exerted on a balance 

mass; 

characterized by the further step of: 

channeling reaction forces in said fourth degree of freedom to said balance mass. 

50 

[0024] In a manufacturing process using a lithographic projection apparatus according to the invention a pattern ( . 
g. in a mask) is imaged onto a substrate which is at least partially covered by a layer of radiation-sensitive material 
(resist). Prior to this imaging step, the substrate may undergo various procedures, such as priming, resist coating and 
a soft bake. After exposure, the substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
55 development, a hard bake and measurement/inspection of th imaged features. This array f procedures is used as 
a basis to pattern an individual layer of a device, e.g. an IC. Such a patterned layer may then undergo various processes 
such as etching, ion-implantation (doping), metallization, oxidation, chemo-mechanicat polishing, tc, all intended to 
finish off an individual layer. If several layers are required, then the whole procedure or a variant thereof, will have to 
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be repeated for each new layer. Eventually, an array of devices will b present on the substrate (wafer). These devices 
are then separated from one another by a technique such as dicing or sawing, whence the individual devices can be 
mounted on a carrier, connected to pins, etc. Further information regarding such processes can be obtained, for ex- 
ample, from the book "Microchip Fabrication: A Practical Guide to Semiconductor Processing", Third Edition, by Peter 

5 van Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07-067250-4. 

[0025] Although specific reference may be made in this text to the use of the apparatus according to the invention 
in the manufacture of ICs, it should be explicitly understood that such an apparatus has many other possible applica- 
tions. For example, it may be employed in the manufacture of integrated optical systems, guidance and detection 
patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic heads : etc. The skilled artisan 

10 will appreciate that, in the context of such alternative applications, any use of the terms "reticle", "wafer" or "die" in this 
text should be considered as being replaced by the more general terms "mask", "substrate" and "target area" or "target 
portion", respectively. 

[0026] In the present document, the terms illumination radiation and illumination beam are used to encompass all 
types of electromagnetic radiation or particle flux, including, but not limited to, ultraviolet radiation (e.g. at a wavelength 
is of 365nm, 248 nm, 193 nm, 157nm or 126nm), EUV, X-rays : electrons and ions. 

[0027] The invention is described below with reference to an orthogonal reference system based on X, Y and Z- 
axes. The Z direction may be referred to as vertical but this should not, unless the context demands, be taken as 
implying any necessary orientation of the device. 

[0028] The present invention will be described below with reference to exemplary embodiments and the accompa- 
zo nying schematic drawings, in which: 

Figure 1 depicts a lithographic projection apparatus according to a first embodiment of the invention; 
Figure 2 is a plan view of a balance mass of the present invention in the substrate stage of the apparatus of Figure 1 ; 
Figure 3 is a view similar to Figure 2 but additionally showing the drive arrangement for the substrate table; 
25 Figure 4 is a diagram of the servo system of the balance system of Figure 2; 

Figure 5 is a plan view of the drift control arrangement of a first variation of the balance system of the first embod- 
iment; 

Figure 6 is a plan view of the drift control arrangement of a second variation of the balance system of the first 
embodiment; 

30 Figure 7 is an enlarged side view of a driver of the drift control arrangement of Figure 6; 

Figure 8 is a cross-sectional view of the driver along line l-l of Figure 7; 

Figure 9 is a plan view of the drift control arrangement of a third variation of the balance system of the first em- 
bodiment; 

Figure 10 is an enlarged plan view of a driver of the drift control arrangement of Figure 9; 
35 Figure 11 is a plan view of a fourth variation of the first embodiment, showing stroke limiters; 

Figure 12 is a cross-sectional view of a substrate stage of a second embodiment of the invention; 
Figure 13 is a cross-sectional view of a substrate stage of a third embodiment of the invention; and 
Figure 14 is a cross-sectional view of a substrate stage of a fourth embodiment of the invention. 
Figure 1 5 is a cross-sectional view of a substrate stage of a fifth embodiment of the invention. 

40 

[0029] In the drawings, like references indicate like parts. 
Embodiment 1 

43 [0030] Figure 1 schematically depicts a lithographic projection apparatus according to the invention. The apparatus 
comprises: 

a radiation system LA, IL for supplying a projection beam PB of radiation (e.g. UV or EUV radiation, x-rays, electrons 
or ions); 

so - a first object table (masktable) MT provided with a mask holderfor holding a mask MA (e.g. a reticle), andconnected 
to first positioning means for accurately positioning the mask with respect to item PL; 

a second object table (substrate table) WT provided with a substrate holder for holding a substrate W (e.g. a resist- 
coated silicon wafer), and connected to second positioning means for accurately positioning the substrate with 
respect to item PL; 

55 - a projection system ("lens") PL ( e.g. a refractive or catadioptric system, a mirror group or an array of fielddefl ct rs) 
for imaging an irradiated portion ot the mask MA onto a target portion C of the substrate W. 

As here depicted, the apparatus is of a transmissive type {i.e. has a transmissive mask). However, in general, it may 
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also be of a reflective type, for xample. 

[0031] The radiation system comprises a source LA (e.g. a Hg lamp, excimer laser, a discharge plasma source, a 
laser-produced plasma source, an undulator provided around the path of an electron beam in a storage ring or syn- 
chrotron, or an electron or ion beam source) which produces a beam of radiation. This beam is passed along various 
optical components comprised in the illumination system IL, — e.g. beam shaping optics Ex, an integrator IN and a 
condenser CO ~ so that the resultant beam PB has a desired form and intensity distribution. 

[0032] The beam PB subsequently intercepts the mask MA which is held in a mask, holder on a mask table MT. 
Having passed through the mask MA, the beam PB passes through the lens PL, which focuses the beam PB onto a 
target portion C of the substrate W. With the aid of the interferometric displacement measuring means IF and the 
second positioning means, the substrate table WT can be moved accurately, e.g. so as to position different target 
portions C in the path of the beam PB. Similarly, the first positioning means can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA from a mask library. 
In general, movement of the object tables MT, WT can be realized with the aid of a long stroke module (course posi- 
tioning) and a short stroke module (fine positioning), which are not explicitly depicted in Figure 1 . 
is [0033] The depicted apparatus can be used in two different modes: 

1. In step mode, the mask table MT is kept essentially stationary, and an entire mask image is projected in one go 
(i.e. a single flash") onto a target portion C. The substrate table WT is then shifted in the X and/or Y directions so 
that a different target portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario applies, except that a given target portion C is not exposed in a 
single "flash". Instead, the mask table MT is movable in a given direction (the so-called "scan direction", e.g. the 
Y direction) with a speed v, so that the projection beam PB is caused to scan over a mask image; concurrently, 
the substrate table WT is simultaneously moved in the same or opposite direction at a speed V= Mv, in which M 
is the magnification of the lens PL (typically, M= 1/4 or 1/5). In this manner, a relatively large target portion C can 

25 be exposed, without having to compromise on resolution. 

[0034] The apparatus also includes a base frame BP (also referred to as a base plate or machine frame) to support 
the components of the apparatus, and a reference frame RF, mechanically isolated from the base frame BP to support 
the projection system PL and position sensors such as the interferometric displacement measuring means IF 
[0035] Figure 2 shows a balance system according to a first embodiment of the invention, which is used in a wafer 
stage comprising substrate table WT, of the lithographic apparatus to provide balancing in three degrees of freedom. 
The arrangement described below may also be used, with suitable modification, in a reticle stage, comprising mask 
table MT, of a lithographic apparatus. 

[0036] The balancing system of the first embodiment comprises a balance frame 2 (balance mass) which is supported 
by substantially frictionless bearings 3 so as to be moveable over a guide surface 4 provided on the machine base 
frame. The frictionless bearings 3 may be aerostatic bearings or hydrostatic or magnetic bearings, for example. Alter- 
natively, if the required range of movement is relatively small, elastic guiding systems such as flexures or parallel leaf 
springs can be used. The arrangement may also be reversed - i.e. the bearings provided in the machine frame and 
acting against a guide surface on the underside of the balance frame. The guide surface 4 is parallel to the XY plane 
defined for the apparatus and the balance frame 2 is free to translate in the X and Y directions and to rotate (Rz) about 
axes parallel to the Z direction. 

[0037] The positioning system 1 0, shown in Figure 3, is placed within or upon the balancing frame 2 and has relatively 
large ranges of movement in the X and Y directions. It is important that the center of mass of the positioning system 
10 be as close as possible in the 2 direction to the center of mass of the balance frame 2. In particular, it is preferred 
that the vertical separation of the two centers of mass is substantially less than 1 00 mm and ideally zero. 
[0038] Elastic posts or buffers 5 limit the movement of the balance frame 2 to prevent it leaving the guide surface 4. 
[0039] The positioning system is arranged such that the reaction forces acting in opposition to the drive forces exerted 
on the driven object are transmitted to the balance frame via mechanical or electromagnetic connections. These con- 
nections are positioned in or close to the XY plane containing the center of mass of the combined system of balanc 
frame 2 and positioning system 10. The connections may, for example, be aerostatic bearings with bearing surfaces 
perpendicular to the XY plane or electromagnetic linear actuators with, for example, magnets attached to the balance 
frame 2 and coils or armatures attached to the positioning systenrr such that the line of action of the electromagnetic 
forces lies in the same XY plane as the combined center of mass. 

[0040] Figure 3 shows such an arrangement where the positioning system 1 0 is a so-call d H-drive. The H-drive 1 0 
compris s an X-beam 11 mounted at or n ar its nds to respectiv sliders 12a, 12b. Slid rs 12a, 12b carry armatures 
of linear motors that act in concert with elongate magnet tracks 13a, 13b, which are mount d in the long sides 2a, 2b 
of rectangular balance frame 2, to translate X-beam 1 1 in the Y direction. The object to be positioned, in this case wafer 
table WT, is driven in the XY plane by a further slider 14 which is mounted on X-beam 11 . Slider 14, similarly to sliders 
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1 ?a 12b carries the armature of a linear motor to act against a magnet track 15 mounted in X-beam 11 1 to translate 
\vL 2 a^nTthe X-beTm and hence position wafer table WT in the X direction. Independent control of the positions 

direction^ e transferred a rec ry ^ 2 tQ transmjt reacf|on forces , n the x directl0n t0 

S«S^nJS2i^5S™- bearings 16a, 16b to transmit the X direction forces, a single pre-loaded 
SSJ?T42SftS bearing, for exampie. may be used on one of the two sides an ' as « 

with cosine foreshortening when the X-beam 11 is not perpendicular to *• ^^^rtno, 
SSiil As illustrated the positioning system is supported in the Z direction and against Rx. Ry rotations by the balance 
rame iSSSSSiZ be performed by the guide surface 4 for the whole or a part of the posfoning system £ 
S I the vSer !S WT), by a separate surface or surfaces fixed relative to the base frame, or by a combination of the 



S if so-called Planar motors are used, reaction forces in the X and Y directions are transmitted to the balance 
SS^m^SSffSi in the XY plane. The magnet (or coil) plate may form part of the balance « 
XY Jane and so desirably increase its mass to reduce its movement range. Again, the magnet (or coil plate may be 
supp rted 2 Rx and^directions by a second ba.ance mass or by separate means, such as frictionless beanngs, 



r0043? The dnC Sees exerted on the driven object, in this case the wafer tab.e WT, give rise to equal and opposite 
eaSon forces whlh, according to the invention, are exerted on the balance frame (ba.ance mass). FromN^o 
Swl^e^Thatthe ratio of the displacements of the driven object and the balance mass «.nverse^ P rt>port.ona. 

to their mass ratio, i.e.: - 

x 1 (0 _ "h [1] 
x 2 (t) m, 

where x- is the displacement of mass i relative to the common center of gravity and m, is the mass of m a ss i .in 
this context it shoufd be noted that the balance mass ratio may vary according to the direction in which d splacement 
2i£T5£ SLenrembodiment, the X-beam 1 1 and Y-s.iders 1 2a, 1 2b move with the wafer tab.e WT for d,splace- 
SSEi the YdScton^hereas the wafer table moves relative to the X-beam 11 for displacements^ 
Thus the driven mass for displacements in the Y-direction is the combined mass of the wafer table WT, X-sWer 14 X- 
2im 1? and Y-sliders 12a 12b On the other hand, for displacements in the X-direct.on, the driven mass is only the 
mass o the wafe taSe WT and X-s.ider 14; the X-beam and Y-slideis instead form part of the ba.ance mass. S.nce 

too!*41^^ frame 5 to 20 times more massive than the combined moving mass of the positioning 

sysZ 5 moS ranges o f the balance frame can be restrained and the overa.l footprint of the ba.anc.ng system 

SolT Positioning, the center of mass of the balance frame is not in line with the center of mass « one of 

Se positioning aevLs in the X or Y direction, reaction forces in that direction may cause yaw motion o ^balance 
r ame r some cases eg circular motion of the driven object around a point offset from the center of mass of the 
balance frSTe Jw mot.on Tear be caused that cumulate over time rather than cancel. To prevent excessive yaw 
Sn a r q iiveTee?back servo system is provided. This control system is also adapted to correct long-term cumu- 
S ^translations (Sm) oTthe balance frame that might arise from such factors as: cabling to the pos-tioning devices 
m ^rem oUhe positioning drives, minute friction in the bearings 3. etc. As an ^"l*^"™ ^ 
Astern described below, a passive system, e.g. based on low-stiffness springs, may for example be used. 
rooiT F^ure 4 shows the control loop of a servo system 30 as referred to above. The X, Y and Rz setpoints of the 
°2 ^s wl S to the machine frame are supplied to the positive input of subtracter 31 , w ose ou^ut ,s 
n^rj fto Z ^ servo controller 32 The servocontroller controls a three-degree-of-freedom actuator system 33, which 
apo"* He^^^ frame 2. F edbacktoth negative input of subtracter 31 is provided 

bv neo^^eZegree-oUr edommeasur ment systems 34 whfch m asur the position of the balance frame 
and drivenTasste posLns of both balance frame and driven mass may be measured relative to 
Serene Amatively the position of one, e.g. the balance mass, may be measured relative to the reference frame 
anZetos^ol7he driven mass measured relative to the baiance mass. In the latter case the relat,ve position data 
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can be transformed to absolute position data either in software or by hardware. 

[0047] The set points of the servo system 30 are determined so as to ensure that the combined center of mass of 
the positioning device(s) and balance frame 2 remains unchanged in the XY plane. This defines the condition: 

m 1 .u, (t) + m 2 . u 2 (t) = m n . (0) + m 2 .i u 2 (0) [2] 

where u, (t) is the vector displacement of mass i in the X-Y plane at time t relatiyejo a fixed reference point. The error 
signal between the calculated (using equation [2]) and measured positions is provided to the actuation system 33, 
which applies appropriate correction forces to the balance frame 2. The lowest resonance mode of the balancing frame 
and/or machine base is at least a factor of five higher than the servo bandwidth of the drift control system. 
[0048] To minimize cumulative yaw motions of the balancing frame, the control mode is configured with a low servo 
bandwidth but a fixed setpoint (e.g. zero yaw). Similar to a passive (e.g. spring) drift control, the servo bandwidth for 
yaw serves as a low-pass filter to minimize transient moments on the machine base about the yaw axis. In other words, 
only reaction forces to correct long-term (low frequency) movements are transmitted to the base frame. 
[0049] Figure 5 shows a drift control actuation system 33a according to a first variation of the first embodiment. This 
system comprises three Lorentz(force)-type linear motors (e.g. voice coil motors, ironless multi-phase linear motors 
etc.) 331 , 332, 333. Two of these motors 331 , 332 act in one direction, e.g. the X direction, and are spaced apart widely 
in the other, e.g. Y. The third motor 333 acts in the other direction, e.g. Y, and through or near to the combined center 
of mass of the balancing frame. The drivers are preferably Lorentz force motors having a magnet plate or coil elongate 
in the direction perpendicular to the direction in which they act so that they can exert a force in the given direction 
irrespective of the position of the balance frame 2 in the perpendicular direction. 

[0050] The above arrangement, using three drivers, is advantageous as being the simplest possible arrangement, 
but if the balance frame 2 is an open rectangle with limited resistance to shear, four motors may be used, each acting 
along or close to the neutral axis of one side member of the frame, thereby to minimize bending of the frame members. 
Such an arrangement is shown in Figure 6. Here, four drivers 334a, 334b, 334c, 334d are used - one at each corn r, 
arranged to exert force parallel to and in line with a respective one of the four beams 2a, 2b, 2c, 2d. Each of the four 
drivers can be, as before, Lorentz type linear motors. A further alternative is to use two planar motors, each exerting 
forces in the X and Y directions, to provide combined control in X, Y and F^. 

[0051] An alternative form of driver 334 is shown in Figure 7, which is a side view, and Figure 8, which is a sectional 
view along line l-l in Figure 7. Driver 334 consists of a rotary Lorentz motor 335 (such as an ironless moving coil motor, 
a DC or AC brushless motor, etc.) mounted on the base or machine frame BP and connected to the balance frame 2 
by a rotary-linear motion transformer 336. The rotary-linear motion transformer 336 comprises a disc 336a attached 
rigidly to the drive shaft 335a of the motor 335 and having an eccentrically mounted pin 336b. Pin 336b forms an axle 
for two wheels 336c, 336d which engage a coupling frame 336e mounted on the balance frame 2. Coupling frame 
336e is elongate perpendicular to the direction of action of the force to be exerted on the balance frame and generally 
C-shaped in cross-section. It surrounds the wheels 336c, 336d so that each engages a respective one of opposed 
bearing surfaces 336g, 336f. Bearing surface 336f faces towards balance frame 2 and bearing surface 336g faces 
away. Thereby, if motor 335 is energized to rotate disc 336a clockwise in Figure 8, wheel 336c will be caused to bear 
on surface 336g and exert a leftwards push force on balance frame 2. Similarly anticlockwise rotation of disc 336a 
would exert a pull force rightwards on balance frame 2. 

[0052] Rotary-linear motion transformer 336 is arranged to be substantially friction free and reversible with no play 
so that drift actuation control can be carried out in a force mode rather than a position mode. The position of balance 
frame 2 can additionally be measured via rotary encoders (not shown) provided on disc 336a. 
[0053] A further alternative drift control system is illustrated in Figure 9, which is a plan view of the balance frame 2, 
and Figure 1 0, which is an enlarged view of one of the drive mechanisms 337 used in this alternative. Drive mechanism 
337 is a so-called "double scara mechanism" which consists of two crank-conYod mechanisms connected to a common 
pivot point. Each crank-con'rod mechanism consists of a crank 337a driven by a Lorentz-type torque motor 337b and 
a con'rod 337c connecting the end of crank 337a to common pivot point 337d. Torque motor 337b is mounted on the 
base frame BP and its drive shaft fixed against translation so that reaction forces are transferred to the base frame BP. 
[0054] The drift actuation system of Figures 9 and 10 is over-determined since only three drives are sufficient to 
control the balance frame in three degrees of freedom but the additional motor provides the same benefits as that of 
the arrangement of Figure 6. 

[0055] The position and orientation of the balance frame 2 can be determined from the crank angles, which may be 
m asured by rotary encoders provided on th drive shafts of motors 337b. In the servo control syst m, two coordinate 
transforms are provided: one to convert information of the angular position of the cranks 337a to X, Y, Rz coordinates 
of the position of the balanc mass 2; and one to convert the forces d termined by the controller 33 into torques for 
the drive motors 337b. 
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ro0561 As mentioned, the above-described drift control arrangements may include linear or rotary (KMoom 
SoratedTnto he linear or rotary drive mechanisms. Alternatively an independent posit.on measuring system, e.g. 
ZZlSSZ o, a ^2 d!mensiona7 P o SW on sensing detector, may be employed. Such a syst -"^^ !^ 
which can be transformed into X, Y and Rz coordinates or may provide independent measurement of the XY 
Sn ^ tw ^EHLndna frame, preferably diagonaUy opposrte comers. Such a positi oning , mechamsm 
ma^measurVth^ 

mOBT^ C-en^ 

devtoe may be provided between the balancing frame and the base frame. An example of such a devK* ms showr ,n 
iTwhich is a view showing a cross-section through the lower part of the balancing frame 2. In toisdevice, th ee 
n nflo oroiect upward* from the bearing surface 4 of the base frame BP and engage open-ended slots 41 m the 
SSIn^!™ 2 1 The Sots 4T and pins 4? are sized and arranged to confine movement of the balance frame 2 to a 

Km?! .the event of a crash. The stroke limiting device may be kinematically inverted. with pms projecting from the 

welf al the drying Sets of the various actuators, lie in the same XY plane, driving forces acting at the offset will cause 
So momerrx Ty, i.e. moments tending to rotate the balance frame 2 and the positioning devices around MX 
and Y axTs Tthe balance frame 2 is supported in the Z, Rx and Ry directions with relatively high stiffness , hit ng 
momente Tx "y will be transmitted to the base frame BP and cause vibrations there. Also, although coarse P°smon,ng 
TuTuat In Jp^ld in the X, Y and Rz directions,- fine positioning actuators inched in substrate ^ WT for 
h^vel e obiect are commonly capable of positioning in all six degrees of freedom. The reaction forces from 
motiTns ofte t^o"lZ* systl in* Ry, Rx, as well as the other degrees of freedom, can also cause v,brat,ons 

SET ASoXt^bTncTframe 2 is supported in the Z, Rx and Ry directions with .ow stiffness supports. 
LompLSearings 3 Such supports may be .ow-stiffness friction.ess bearings or elastic or gas spnngs ,n comb, 
naZ^h frictionless bearings. Large-gap airbearings may a.so be used. ^^^SIZTS^^ 
control drift in X Y and Rz directions, the spring constants are chosen so that the E.gen-frequency of the balance 
^me mai sprang system is substantia.* .owe, e.g. by a factor of 5 to 10, than the lowest fundamentayrequency of 
h ^o'oronhe positioning devices. Should the wafer table WT be supported in Z. Rx. Ry by the 9-^9 surface 4 
on tnTbase frame rather than on the balance frame, the base frame memberprovid,nggu,d,ng surface 4 can be treated 
as a second balance mass for Z, Rx and Ry and be passively supported as described. 

Embodiment 2 

[0060] The substrate stage, comprising substrate table WT, of a second embodiment of the invention , which may be 
the same as the first embodiment save as described below, is shown in Figure 1 2. 

OO61T m the second embodiment, the balance mass 406 takes the form of an open box with a flat ^™^™ 7 > 
onmina a ouide surface for the wafer table WT, and upstanding side walls 408 serving to ra.se the center of gravity o 
nuance ^ 406 The substrate table WT includes a fine positioning mechanism 417 operating in 6 degrees of 
Uee£Z lor the^ubstrate W and a so-ca..ed air-foot forming a substantially frictioniess bearing aHowingthe substrate 
table WT to be moved over the guide surface 407. u^««» 
OoeTMovement of the substrate table WT is effected by the coarse positioning , mechan«m. Thj. 
415 relative to which the substrate table WT is driven by an X-driver (not shown) which has at its ends si oers 411 
wh* Sdl the ranslators of Y-direction linear motors to drive the X-beam, and hence the substrate t^leWT, in 
me Y diction and by applying different forces to the opposite ends of the X-beam in R z . The stators 409 of the Y- 
d^elionTnear motors are provided in shoulders of the balance mass 406. Y-direction and R 2 reaction forces from 
mo^ren rmT substrate table are thus direct* applied to the balance mass 406. X-direction reaction forces are 
tTansfTr^ed to Z balance mass 406 via bearings between theslides411 andthesidewal.s408 of the ba.ancemass406. 
0^r B^e the substrate table WT is guided over the base 407 of the balance mass 406, Z, IJ and reactin 
forces from the corresponding movements of the substrate WT by the fine positioning mechanism 417 are also trans^ 
m«ed direct.y to the balance mass 406. Any tilting movements T x , T y arising f rom / m P erte * 

of gravity of tne substrate table WT and balance mass 406 as well as the lines of force exerted by the X- and Ydnves, 
are also transmitted to the balanc mass 406 via the air-pot 41 9 and th stiffness of th Y-linear mot rs. 
poeT To enabie the balance mass 406 to absorb th reaction forces in a., six degre s f fr edom rt must be free to 
move n all six degrees of freedom. This is achieved by supporting it from the base frame BP by a plurality of supporte 
™3 which have I low stiffness in the Z direction, and substantially friction.ess bearings 405, which bear on the , ower 
surface of balance mass 405. The lower surface of balance mass 406 is flat, or has flat regions of sufficient size to 
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accommodate the maximum expected or allowed range of movement of balance mass 406. Since th balance mass 
406 is much, e.g. 5 to 1 0 times, heavier than the substrate table WT, the range of movement of the balance mass 406 
will be much less than the range of movement of the substrate table WT. 

Embodiment 3 

[0065] Figure 13 depicts the substrate stage, comprising substrate table WT, of a third embodiment of the invention, 
which may be the same as the first or second embodiments described above. 

[0066] In the third embodiment, the balance mass is divided into two parts 506, 507. The first balance mass part 506 
comprises a rectangular frame surrounding the substrate table WT. Opposite sides of the first balance mass part 506 
have mounted thereon the stator, e.g. the magnet track, of the Y-direction linear motors. The translators, e.g. coils, of 
the Y-direction linear motors, are mounted in sliders 511 at the ends of X-beam 515'. The X-beam includes the stator 
of X-linear motor and the translator is mounted to the substrate table WT. Y- and R z -reaction forces from the Y linear 
motor, which forms the coarse positioning mechanism together with the X-linear motor, are transmitted directly to the 
first balance mass part 506 and the X-reaction forces are transmitted via thrust bearings (not shown). To absorb the 
Xand Y-reaction forces, the first balance mass part 506 is supported by substantially frictionless bearings, e.g. air 
bearings, 505 allowing it to move in X, Y and R^ 

[0067] Second balance mass part 507 takes the form of a plate and is disposed underneath the substrate table WT. 
Its upper surface 508 is flat and forms a guide surface over which the substrate table WT is borne by air foot 519. In 
this way, any reaction forces in Z, R x and R y from movements of the wafer W by fine positioning mechanism 517 are 
transmitted to second balance mass part 507, which is supported from the base frame BP by a plurality of supports 
503 having a low stiffness in the Z-direction. These supports may be, for example, mechanical or gas springs. 

Embodiment 4 

[0068] A fourth embodiment of the invention is a modification of the second embodiment for use in a vacuum. Th 
substrate stage, including substrate table WT, is shown in Figure 14. 

[0069] As in the second embodiment, the balance 606 takes the form of an open box. In this embodiment, the base 
of the box includes the stator 627, e.g. magnet array, of a planar motor whose translator 635 is mounted to the wafer 
table WT. More information on a planar motor can be gleaned from United States Patent 5, 886, 432, which is incor- 
porated herein by reference. As before, upstanding walls 625 serve to raise the center of gravity of the balance mass 
606 to the same horizontal plane as that of the substrate table WT. The planar motor 627, 635 may be arranged to 
levitate as well as translate the substrate table or additional bearings can be provided. Reaction forces from the X, Y 
and possibly, Rz translations of the planar motor are channeled to the balance mass 606. 

Embodiment 5 

[0070] A fifth embodiment of the invention is a modification of the fourth embodiment as shown in Figure 15. As in 
the fourth embodiment the substrate table WT is movable in the plane of the stator 627 of the planar motor (i.e. the X 
and Y direction). Reaction forces from the X, Y and R z movements of the coarse positioning mechanism (planar motor) 
are transmitted directly to the balance mass 606. Reaction forces in all degrees of freedom for the fine position mech- 
anism 61 7 are transmitted through the stiffness of the planar motor or additional bearings provided for the substrate 
table to the balance mass 606. The balance mass is mounted on bearings 605 and low-stiffness supports 603 in the 
same way as the second embodiment. 

[0071] Whilst we have described above specific embodiments of the invention, It will be appreciated that the Invention 
may be practiced otherwise than described. The description is not intended to limit the invention. In particular it will be 
appreciated that the invention may be used in the reticle or mask stage of a lithographic apparatus and in any other 
type of apparatus where fast and accurate positioning of an object in a plane is desirable. 



Claims 

1. A lithographic projection apparatus comprising: 

an illumination syst m for supplying a projection beam of radiation; 

a first object tabl for holding patterning means capable of part ming the projection beam according to a 
desired pattern; 

a second object table for holding a substrate; and 
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a projection system for imaging the patterned beam onto a target portion of the substrate; and 

a balanced positioning system capable of positioning atleast one of said object tables in more than three 

degrees of freedom, the positioning system comprising: 

at least one balance mass; 

bearing means for movably supporting said balance mass; 

coarse positioning means for positioning said object table in first to third degrees of freedom said three 
degrees of freedom being translation in first and second directions and rotation about a third direction, 
said first second and third directions being substantially mutually orthogonal; and 
fine positioning means for positioning said object table in at least a fourth degree of freedom substantially 
orthogonal to said first, second and third degrees of freedom, said coarse and fine posttioning means 
being arranged so that reaction forces from said coarse and fine positioning means are channeled to said 
balance mass; 

characterized in that: , . ■_. 

said balance mass is supported by said bearing means so as to be substantially free to move in at least said 

fourth degree of freedom. 

2 Apparatus according to claim 1 further comprising a base plate having a guide surface extending parallel to said 
' first and second directions and wherein said bearing means comprises a plurality of substantially f nct.onless bear- 
ings bearing on said guide surface and connected to said balance mass by supports having a low stiffness in said 
third direction. 

3. Apparatus according to claim 2 wherein said bearings are selected from the group comprising aerostatic bearings, 
hydrostatic bearings and magnetic bearings. 

4. Apparatus according to daim 2 or 3 wherein said supports are selected from the group comprising elastic springs 
and gas springs. 

5 Apparatus according to claim 1 further comprising a base plate having a guide surface extending parallel to said 
" first and second directions and wherein said bearing means comprises a plurality of low-stiffness substanttally 
frictionless bearings on said guide surface. 

6. Apparatus according to any one of claims 2 to 5 wherein said balance mass comprises a generally rectangular 
frame having its sides generally parallel to said first and second direction. 

7. Apparatus according to claim 6 wherein said generally rectangular frame has a central opening and wherein said 
object table is at least partly disposed in said central opening. 

8. Apparatus according to claim 7 wherein said object table has a low stiffness bearing for supporting said object 
table over said guide surface. 

9 Apparatus according to claim 1 wherein said balance mass has a guide surface extending parallel to said first and 
second directions and said apparatus further comprises a base having substantially frictionless bean ngs bearing 
against said guide surface and supported from said base by supports having a low stiffness in said th.rd direction. 

10. Apparatus according to claim 9 wherein said balance mass has a further guide surface substantially Parallel to 
said guide surface and said object table is provided with a substantially frictionless bearing beanng on said further 
guide surface. 

11 Apparatus according to claim 10 wherein said coarse positioning means comprises a beam extending generally 
' parallel to said first direction and a first drive means for driving said object table relative to said beam in said first 

direction and second and third drive means connected to respective ends of said beam for driving said beam 
relative to said balance mass in said second direction. 

12 Apparatus according to claim 1 0 wherein said coarse positioning means comprises a planar electric motor having 
" a stator mounted to said further guide surface of said balance mass and a translator mounted to said object table. 
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13. Apparatus according to claim 1 wherein said balance mass comprises first and second balance mass parts, said 
first balance mass part being moveable in said first to third degrees of freedom and said second balance mass 
part being moveable in said fourth degree of freedom. 

14. Apparatus according to claim 13 wherein: 

said apparatus comprises a base; 

said first balance mass part comprises a generally rectangular frame surrounding said object table, said first 
balance mass part being supported from said base by substantially f rictionless bearings and said coarse po- 
sitioning means acting between said first balance mass part and said object table; and 
said second balance mass part has a guide surface extending substantially parallel to said first and second 
directions and is supported from said base by supports having a low stiffness in said third direction, said object 
table being supported over said guide surface by a substantially frictionless bearing. 

15. A lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection beam according to a 
desired pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the substrate; and 

a balanced positioning system capable of positioning at least on of said object tables in at least three degrees 

of freedom, the positioning system comprising: 

at least one balance mass; 

bearing means for supporting said balance mass so as to be substantially free to move in said thre 
degrees of freedom; and 

driving means for acting directly between said object table and said balance mass to position said object 
table in said three degrees of freedom; characterized in that: 

said balance mass comprises a generally rectangular frame having its sides generally parallel to said first 
and second directions, and a central opening in which said object table is at least partly disposed. 

16. A lithographic projection apparatus comprising: 

an illumination system for supplying a projection beam of radiation: 

a first object table for holding patterning means capable of patterning the projection beam according to a 
desired pattern; 

a second object table for holding a substrate; and 

a projection system for imaging the patterned beam onto a target portion of the substrate; and 

a balanced positioning system capable of positioning at least on of said object tables in at least two degrees 

of freedom, the positioning system comprising: 

at least one balance mass; 

bearing means for movably supporting said balance mass; 

positioning means for positioning said object table in at least first and second degrees of freedom, said 
first to second degrees of freedom being translations in first and second directions that are substantially 
orthogonal, said positioning means comprising coarse and fine positioning means and being arranged so 
that reaction forces from said positioning means arechanneled to said balance mass; characterized in that: 
said coarse positioning means comprises a planar electric motor having a translator mounted to said 
object table and a stator extending parallel to said first and second directions and mounted to said balance 
mass. 

17. Apparatus according to any one of the preceding claims having more than one first object table and/or more than 
one second object table wherein reaction forces to drive forces for positioning a plurality of object tables are direct d 
to a common balanc mass r masses. 

18. A method of manufacturing a device using a lithographic projection apparatus comprising: 
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an illumination system for supplying a projection beam of radiation; 

a first object table for holding patterning means capable of patterning the projection beam according to a 
desired pattern; 

a second object table for holding a substrate; and 

5 a projection system for imaging the patterned beam onto a target portion of the substrate; the method com- 

prising the steps of: _ 
providing a substrate provided with a radiation-sensitive layer to said second object table; 
providing a projection beam of radiation using an illumination system; 
using patterning means to endow the projection beam with a pattern in its cross-section; 

10 projecting the patterned beam of radiation onto target portions of said substrate; 

wherein during or prior to said projecting step at least one of said object tables is moved in first to third degrees 
of freedom by coarse positioning means and in at least a fourth degree of freedom by fine positioning means 
and, during such movement, reaction forces in said first to third degrees of freedom are exerted on a balance 
mass; 



75 



characterized by the further step of: 
channeling reaction forces in said fourth degree of freedom to said balance mass. 

19. A device manufactured according to the method of claim 18 
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Fig.12. 
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